In this article, the kinematics of the polishing process of marble and granite floors was studied by analyzing the trajectory, speed and acceleration of the abrasive particle of a diamond disc for each instant of time. In addition to this, the main equations involved in the process for a manually operated equipment were described.
Introduction
Marble and granite as ornamental rocks have been used for many centuries in construction due to their aesthetic qualities and durability. "Durability can be defined as the measure of the ability to withstand and maintain its original size, shape, mechanical properties and aesthetic appearance over time" [4] . Today, marble and granite are used as individual elements in the covering of columns, facades, kitchen worktops, monuments and floors. The marble is made up of 90% calcium carbonate and the remaining 10% are considered as impurities, which give it a great variety of colors [1] . While granite is made up of three essential minerals, which are: Quartz, feldspar and micas in variable percentages, giving rise to a range of granites of different appearance and properties. [6] . Once polished, marble and granite floors have a highly durable surface with excellent aesthetic qualities and low porosity, which prevents the absorption of liquids. The costs of the polishing stages are between 25% and 35% of the total cost of processing a surface in marble and granite. The polishing is done manually by means of a multifunctional machine and by means of an abrasive wear polishing process. This study will focus on the kinematic analysis of the deburring or roughing process of marble and granite floors, as this is the most demanding phase of polishing, which requires more passes on the work surface and, therefore, more time to obtain a uniform and shiny area.
Methodology
For this investigation different routes were chosen for the trajectory of the abrasive particle, this is because the movements made by the operator with the machine are not repetitive and there are also uneven parts of the surface (different level between the marble slab and the granite), which requires passes at different speeds and with different movements of the equipment, therefore, basic paths were chosen, which the operator is able to perform for a period of time. The kinematic analysis is made for a single polishing head, independent of the polishing heads that the machine has, since they have the same rotation speed, their characteristics are the same. The analysis focused on a single particle and not on the abrasive in general. The simulation was carried out using Matlab 2015 software [3] . The main variables involved in the polishing process and which are part of the kinematic study are: the trajectory of the abrasive particle, the speed of the particle and its acceleration [2] . Figure 1 shows the path that the polishing machine takes for the 4 basic movements selected in this study. Figure 2 shows the displacement of the equipment in direction i as a function of time for the same basic movements. While Figure 3 shows the striping of the innermost particle of the abrasive disc on the surface of marble and granite for the four basic movements. 
Results
where:
Obtained the next equation: Figure 4 . Resulting from the vector displacement of a particle in the abrasive disc at the instant t=0 [4, 5] .
It is worth noting that the operating parameters are variables that depend on the operator who performs the polishing operation, where the conditions of the marble and granite influence at the time of starting the polishing, for these reasons a range of values is defined for the different parameters, which may vary depending on the operator, except for the speed of rotation of the polishing disc, which is constant for any operation. The values used were: w = 1200 rpm, V = (4,8 − 6.5) , A = 20 cm, r = 8 cm. In order to know in a more detailed way the path and the movement of the abrasive particle, the behaviour of the vectors (DE ̅̅̅̅ ), (DR ̅̅̅̅ ), (DOL ̅̅̅̅̅̅ ), was analyzed individually and with respect to the addresses i and j (see Figures 5-8 ). For linear travel with forward and backward motion, Figure 8a shows the behavior and travel of the abrasive particle. The speed of the abrasive particle when polishing the surface of marble and granite can be determined by deriving equation (5) As for the acceleration of the abrasive particle, this was determined by the velocity derivative with respect to time (see equation 8). The results are summarized in Figure 10 . Figure 10 . Acceleration of the abrasive particle for the sine, b) linear, c) sine absolute value and c) linear forward and backward motion paths.
Based on the speed and acceleration of the abrasive particle, the optimum path to polish a surface of marble and granite is the one in the shape of a sine, but it is not the most recommended, since when analyzing the paths, it was observed that the operator could not perform this movement for a long period of time. Therefore, the sine absolute value travel is recommended, as its speed and acceleration are similar, and it is easier for the operator to repeat the movement for a longer period of time.
Conclusions
According to the study of the prescribed movements, there are multiple routes that can be made with the equipment and combined with each other, but these movements depend solely on the operator of the machine.
With respect to the variables that intervene in the polishing process, it was found that the relationship between the speed of advance of the equipment and the frequency This analysis serves as a basis for future research in which each path can be analyzed independently and the operating parameters can be varied according to the range determined during the data collection to obtain a broader knowledge of how they intervene in the polishing process.
